
a. The treatment capacity for treatment aone (Fgure 4-6a) is gven by theequaton of the 
curve [3 38]wth storage 

set to zero, namey T2. 

Vaues of were prevousy computed inStep 4. The cost of ths wet-weather treatment 
capacty obtaned by mutpyingT2 by the unt cost, 5,000/Mga.d (Step 3).See Tabe 4-3 

for resuts. The vaues in parentheses after the 
costs in Tabe 4-3are the ratos of the costs to the respectve case (a) costs.TABLE 

4-3. SUMMARY OF COSTS OF ALTERNATIVE INTEGRATION 
METHODSPoutant 

0 5 50 75Secondary treatent ffcency, 0,85 0 85 0.85 

0.85 contro, I .8 9 4 58.8 88.2Cost 
of treatnt alone (case a), 0. (O) 0.45 (.00) 37 

(.00) 4.25 .00)Cost of ntegrated t- and 
dry-weather (case S106/yr 0. (0.5) 0 34 (0.76) 26 (0.92) 4.3 (0 97)Cost of nteratd t-eather 

Storageand treatent (case 0 075 (0.3) 0 5 (0 32) 0.370 (0 27) 0 95 (0.22)Cost of stoa ndtreatent (case S106/yr 
0 050 (0.23) 0.090 (0 0) 0.26 (0 9) 

0 836 (0 20) Vaues in parntheses are the ratos of the costs to respectve cse (a) 
cots.b. When the wet- and dry-weather 

treatment facties are ntegrated (Figure 4-6b) thefow to be processed by 
wet-weather 

treatment s reduced by one dry-weather fow(Assumption 6), or 7.29 (Step 5a), 

Therefore, the cost of the reduced wet-weather treatment facty s the case (a) cost es7.29 
(Mga/d) 5,000 ($/Mga.d) $09 350See resuts in Tabe 4-3.c. The costs of optimzed, 
ntegrated wet-weather treatment and storage are obtaneddrecty from Fgure 4-3.See resuts n Tabe 4-3.d. The costs of wet-weather 

treatment ntegrated wth both wet-weather 
storage 

and dry-weather 
treatment 

are the same as for case (c), but reduced by the vaue of thetreatment provded n 
the dry-weather pant. Ths 
reducton wl be $09 

350(Step 
6b) or the cost of secondary treatment aone (Fgure 4-4), whchever s the esser.See 

Tabe 4-3 for resuts.The aternatve costs of Tabe 4-3 are compared graphcay In Fgure 4-7.omments. A further Unversity of Forda assumption, on the amount of 
on-ste storagecapacity provded, has not been made here. when ths capacty must be mted beow 

therequrements of Fgure 
4-3, optma costs for cases (c) and (d) 6 wi rse.2. The cost-effectiveness 

trade-off 

procedure of Step 5 compares the cost of extending secondarydry-weather treatment to 
tertary wth the ncrementa cost per pound BOD removed ($0.65 inths case) at wet-weather 
remova effcency rather than wth the overal cost per pound(S.9). The former comparson 

overooks the cost (wth ths method) of provdnga neggbe BOD remova capabty (Figure 4-4). The potenta 
user s advised to use theStep 5 procedure only wth the fuest understanding of the prncipes 

involved.3. In Step 6, the sgnfcanty ower costs of ntegraton aternatves (c) and (d) are 
from a very ow unt annua cost for storage (0.06 $/ga; Step 3). Ths costcoud equay we be one 

to two orders of magntude higher. th a tenfod increase nunt storage cost, for 75% contro 
and secondary wet-weather treatment for exampe,th optma storae capacty is reduced 

by 8% (to .78 th optma treatment capactyis increased by 670 (to 01.7 Mga/d); and the 
optma tota annua cost is increased by2722 (to $2 296 000). Ths then practcaly as high as the case (b) annua cost(Fgure 4-7).64 





4. Determne the average ntensity (tota preciptaton/storm duraton) for each of the storms 
n Step 3. Appy programs SORT and a second tme, to rank and ist the stormsby average ntensty. Seect for further consderation the upper 50% of ths rankng,contanng the arger average ntenstes. These w be the storms that generay pace thegreatest stress on the storage/treatment facites.5 Appy programs SORT and LISTRK a thrd 

tme to rank and st the remaning by duraton.Resuts are presented n Tabe 4-4. Identify the mean and medan duratons; these, fromTabe 4-4. are:Mean duraton: 30.34 Medan duraton: 30.00 h6. Seect from the 
Step 5 rankng about 

0 storms wth durations 
in 

the neighborhood of the meanand/or median, and, if possibe, havng simar shape characterstcs (time to peak. tmedstrbuton of ran). The 17 storms seected for the study area are ndicated 
by shadng inTabe 4-4 (duration ranks 7 to 30). Tabuate, from Step , the houry ranfa for 

each;resuts are given Tabe 4-5.7. To compete the Simpfed ranfa characterzation procedure (a)» seect from thestorms of Step 

6 that one (those) hch s (are) Judged to be most representative of thema, to be the desgn 
sto(s).Due to the varety of rainfa dstributons at the study area (Tabe 4-5). two storms,abeed S and S2 in Tabes 4-4 and 
45, were seected as beng representative. Ther are potted n Fgure 4-8. 



TABLE 4-5. HOURLY RAINFALL (IN OF AN INCH) FOR STORMS SELECTED IN STEP 6Stor 



8. To compete.the modfed Boston synthetc procedure [35, Appendx A3:a. Locate the 
pont in time where the maxmum ranfa ntensty wi occur. Because of thegreat varety of rainfa 

dstributions at the study area (Tabe 4-5). the averagedstribution method [35, Appendx 
A, Step 4] did not gve defintve results. Instead,the maximum intensty was ocated by 

inspecting the dstrbution of the top 0 of thehoury ranfa intenstes n ths case those 
greater than 0.20 From Tabe 4-5,bottom ne. seect hour 8 (the mdde of a custer). Determine 

from the U.S. Weather Bureau rainfa frequency atas 
[36] 

the rainfadepths at the basin ocaton for varous duratons and for a year return 
period(Assumpton 2). by nterpoatng between lnes. Compute the 5, 0. and5 mnute duration ranfals from the 30 mnute duraton rainfal usng the approprateratios [36, Tabe 

3 Rank the distrbuton of rainfas by ntervas, as foows: p IntervaDuraton n. nterval 
preciptaton, n. ntensty, In.hFrst 5 Next mnNext 5 1nNext 5 minNext 30 m1nNext 

1 Next hNext 3 hNext 6 hNext 12 hNext 
6 



EXAMPLE PROBLE 4-5: INITIAL ASSESSMENT OF THE ANAGEMENT PROBLEM EDDY CONTINUOUSSIMULATION 
METHOD, SIMPLIFIED MODEL [9Deterne the 

monthy 
averae weteather fos and poutant oads from the basn for toseected years for (a) separate 

storm sewers and assumng the area served combned sewers.Specfed Cndtn. Ranfa 
years. 969-970. 

970-1972. Ranfa 
amounts: 

Daiy ranfa ncrements at San Jose 
Cty 

Ha, ncreased by 40(drect extrapoaton by nes)3. Average annua quantty and quaty 
characterstcs, by and use:a. Separate 

sewers:LAND 
USERESIDENTIALRESIDENTIAL COMERCIALINDUSTRIALOPENAGRICULTURALPOLLUTANT 

CONCENTRATION IN 

SURFACE 

RUNOFF. 



TABLE 4-6. COMPUTER OUTPUT FOR EXAMPLE PROBLE 
4-5a. 

Separate sewersEAR 
1969-970 SUARYPOLLUTAT 



Tabe 4-6. (Concuded)YER 

1970971 DA RA1 RA 
TREATED 

TREAT A STRAGE1 OATS DAYS Hgal313131)3131i8130313U.U0.0U.UU.498.715.51.70.762.BO.0.110.0.O 0 

U35.163.03.691.15.1156.20.0.00.0U.OU.OO.U35.163.3D9.61.154.1156.U.U8.U.O0.0.00.00.0U.UO.U.00,00.00.00 
00.00.00.U.UO.U.0U.O0.00.0-00 0.00.00.00.0.00.0O.UU.OU.O0.00.00.00.00.0POLLUAT LOAD, 

THOUSADS 

OF 

PO50.0.U.18.317.19B.46.28.79.0.4.0.0.0.0.1S6.343.Z17.510.302.873.0.45.0.VSSTOT 

TOT 

0.U.0.118.290-1307.306.1.5.0.27.0.EARLT 

1.97531357. 
1357.10.0530.00.069(1.7587.4554.77.1.. 

The 

average 

annua basn 

coeffcnt 

s 0.29 
(249 
n2. 
The 
probabe 

magntude 

of te monthly and annua oads of sgnfcant wet-weather 

poutantsare 

sted n Tabe 4-6, for both (a) separate storm sewers and combned sewers.3. 

The annua wet-eather BOD oad n be about 53 000 b (separate sewers) or 633 000 1b(combned sewers), 
of hch 7\ orgnates from commercia land use areas and 25 fromresdenta areas.4. The 

average annual BOD concentraton is 4.8 g/I (separate sewers) or 6.0 (combned sewers).5. 
These BOD loads and concentratons are greater than the results of Exampe Probem 4-1for 

the foowing reasons:• 

Ths exmpe yieds a hiher ovra runoff coefficent• In partcuar, the runoff coeffcent 
for comercia and 

use areas, whchhave by far the hghest BOD concentration, notaby arger n ths eampe• Polutant reduced in Example 
Probem 4-1 by 30% through the ncorporationof a street 

sweepng effctveness factorEXAMPLE PROBLEM 4-6: PRELIMINARY PLANNING OF INTEGRATED STORAGE AND TREATMENT & EDDYCONTINUOUS SIMULATION METHOD, SIMPLIFIED MODEL 
[9Determne the variaton of storage capactes and costs requred to yed varous eves of BODremova and overfow contro wth treatment 

capacties 

of (a) one-haf dry-weather fow. and(b) four dry-eather fows.Specfed Condtions. Ranfa 
perod: 95-976 (25 years)2. Ranfa amounts: Day ranfa 

ncrements 
at San Jose Cty Ha, ncreased by 40(drect extrapoation by nes).3. Dranage bsn served by 

separate sewers ony.4. Average annua runoff quantty and quality characterstcs are the same as 
forExampe Probem 4-5, 

Specfied 
Condtion 3a.7 



Assumpton. 

The average annual Is a prescrbed fraction of the annua precptation; thsfraction varies 
ony wth type of and use.2. Polutant oad 

are 
deterned by prescrbed concentratons [9, Tabe 3. Quanttes passn through storage and 

treatent are deterined from day tme-stepcomputatons.4. One dry-weather fow equas 7.3 
Mga/d (Exampe 

Probem 4-3, Step 5a).5. Representatve annua cost (debt servce ps operaton 

and mantenance) of storage $0.0626/gayr (Exampe Probem 43. Step 3).6. treatment removes 85% of each poutant. Resutng treated 
effluentconcentrations 

(usng Specified Condtion 4) are;BODTota Tota 2.2224.354.63.730.07Souton. Prepare nput for the Simpfied computer 

program, 

from the data 

isted 

underSpecfied 

Conditons 

and 

Assumpton 6. pus the foowng treatment and storagecapactes (Assumption 4):(withdrawarate,Mga/d3.63.63.63.63.6 



Cacuate 25 year BOD remova effcences and storage costs (Assumpton 5) fro the averageannua 



020 

30 



2. Ranfa amounts and octons: 5 nute ranfal ncrements, recorded to the nearest0.0 1n at a 
number of county ran gages surroundng the basin.3. ranage basn 

served 
by separate sewers ony.Souton. Dvde the basn 

nto 
subcatchments that correspond to the dranage network, so that each has near-unform and use and 

topography characterstcs. study basnsubcatchments are depcted In Fgure 4- (see aso Fgure 
3).Figure 4-. Subcatchments, dranage network, andranfal 



2. Prepare nput data for the bock of the computer program.Data were obtaned 
from the foowng sourcesTopography mapsZonng 

mapsSewer and 
street 

napsCounty channe cross-secton 
and profe drawingsAera photographsuncpaty 

street ceanng recordsRan gage ocaton mapsCounty ranfa 
recordsNumerca nput data 

for each storm were 
prepared for the folowng:a. For the fu basn:• Storm tmng, time-step sze, 

tme snce the prevous 

storm• Ranfa (three gaes)• Fracton of the mpervous area wth 
ero detenton• Street ceaning data• Parameters to contro computer output format 

For each • Outet ocation area, width, sope, percent roughnesses,surface 
retenton storages, 

nfitration parmeters• Land use• Soi erosion parameters• Channe, ppe. and 
gutter geometres, roughneses engths, and sopes3. 

Gather for 
each storm the foowng prototype 

output data for cabraton and verfcatonpurposes:• County records 
at 

the basn outet (stream gage)• Water quaity data from the anayss of grab samples, coected at 
the 

outetstream 
gae throughout the storm for BOD, suspended soids, and nuerousother consttuents4. Execute the computer program. IBM 370/68 coputer 

requirements perstorm were:CPU t'e Tota cost, $Compe and eecute 0.50 0.00Compe ony 0.25Execute 
ony — 7.00The computed outflow for the December storm, resutng from theappcaton 

of the 

rain gage Staton 00 rainfa 
to 

the entre basn, is compared 
wththe observed 

prototype behavor in 

Figure 4-2.5. Calbrate the model. Ths nvoves adustng the estmated and uncertan mode 
paraetersand makng successve computer runs, unti a set of parameters s found that mnmizes 
thetota error n both the quantty and quaity 

smutons 
for a desgn stors,The computed outfow and of both desgn storms were modfed tomatch the 

observed behavor as cosey as possbe by makn the foowing mode parameteradustments:• Reduce 
Impervousness to about 701 of ther uncabrated vaues• Appy ranfa measured at three 

dfferent gages (Statons 48, 53, and O—seeFgure 4-2 for to three segments of the basn, 
as defned by the method (see shadng n Fgure 4-).• Reduce fracton of mpervious area that s 
drecty 

connected 
from 20% to %• Reduce the eroson contro practce factor, to 

reduce eroson• Adjust the varous quaity consttuent ratos (percentages of suspended 
sods)The resuting computed (cabrated) outfow hydrograph for the December storm Is 

comparedwth the observed and uncalbrated 
n Fgure 4-2 76 





EXAMPLE PROBLEM 4-8; SE A STORAGE BASIN FOR THE TEST AREA MODEL [7, 2Usng the 
synthetc 

desgn storm (B) seected in Exampe Probe 4-4, deterne the storagecapacty requred to lmit 
BOD reeased to 60% of the untreated vaue for th year event.Check the effect of ths storage 
on the other desgn storms S and S2).Specfed 5 minute ranfal recorded 

to the nearest 0.0 in 

are defined for thethree desgn storm by Fgure 4-8.2. Draine basn served by separate 
sewers ony.Assumption. Catchment condtions 

are 
the same as those prevang durng the 

cabratonstorms 
of 

Exampe 
Probem 47.2. The desgn storms rain uniformy over the entire basn.3. The storage 

basin is ocated at the basn 
outet 

(Fgures 44, 4-), separated fromthe dranage system of 

Exampe Probem 4-7 by ony a snge manhoe.4. The storage basin has a geometric shape, wth 
vertical sides. Outfow by gravityover a 40 ft long fixed wer at the 

0 ft depth eve. At the start of the stormthe unt Is mpty.5. The type of fow wthn the 
storage basn is "pug fow" (as opposed to competeymxed). Maxmum poutant removas b 
sedmentaton withn 

storae are: 70%,BOD 38.5, with a decay rate of 6. Treatment capacty of or 7.3 
(Exampe Probem 43, Step 5a) is avalabe.with secondary treatment efficency (85 BOD 

remova).7. Storage unit sudge is and 

utimatey deivered with other trapped sodsto the dry-weather treatment pant.Soutio. Prepare 
nput data for the Bck of the EPA computer program. 

Use thesame catchment data as those for the caibrated mode of Exampe Probem 4-7(Assumpton 
). Prepare nput ranfa data for 

the 
unform 

appcation(Assumption 2) of the three desn stors of Exampe Probem 4-4 (Specifed Condtion ).2. Execute the program three tmes, once for each desgn storm. IBM 
370/68 computerrequrements per storm were;CPU tme, m1n Cost. $Compie 0.25 9.00Execute 

0.75 13.00Save the three output fies.3. Prepare nput data for the Transport Bock of 
the 

EPA computer program. In thscase. ths consists of specfyng ony a single manhoe (Assumpton 
3the TransportBock is needed 

to nk the Runoff 
and Storage bocks. 

Use the quantty 
and quatyoutput from Runoff 

(Step 2) as input to Transport.4. Execute the transport program three times, once for each desgn storm. IBM 370/68computer requirements per storm were;CPU tme. mm Cost. $Compie 0.40 5.00Execute 0.04 2.005. Seect to Inta tra storag voumes ntended to bracket 
that whch provdes a 50remova on the design 

storm.78 



The tota storm BOD oad s 9428 1b, from Transport, and its tota voume s95.1 Mga. 
About (7.3 5 w be treated drecty, wth 85%remova (Assumpton 6). The fows 

simuated by storage/treatment are ustrated nFigure 4-3. With 42.6 Mga storage capacty 
(50 of the remainng runoff voume).85 remova of the trapped BOD and an estmated 30% 
BOD remova from the overflowby sedmentaton (Assumpton 5) yeds OS overal BOD remova. 

Therefore, seect20 and 50 Mga as inita tra storage voumes. DFREVED 0.85(B+0)DRYWEATHER 
TREATMENT(85 BOD REOVALRELEASED- 

0.5(B+ 

WF 

ALL 
SLDSD 

TRAPPED 

BY 

STORAGEREAINDERSTORAEOVERFLOSFgure 
4-3. 

Schematc 

of fows 

smuatedby 

storage/treatent.Prepare 
nput 

data 
for 

the 
Storage/Treatent 

Bock of the computer program. 
Specfyexterna, n-ne storage 

and treatent wth the characterstcs prescrbed by Assumptons 4through 6. Specfy the base area, 
coputing t from the (assumed) storage volume wth a 10 ft depth. Suppress cost computatons. 

Use the quantty and quaity output fromTransport (Step 4) as nput to Storage/Treatment.Execute 
the storage/treatment program for each of the storage capacties seected n Step 5.th 

quantty/quality nput from Tranport correspondn 

to the desgn storm. Computerrequirements per run were:CPU tme Cst, $CompeExecute0.400.047.003.00Compute 
the BOD releases, as Indcated n Fgure 4-13 (BOD reease The zero storage(treatent 

ony) result may 
also 

be computed from 
the 

Step 
7 runs. 

Plot the results 

on agraph (heavy dots n Fgure 4-4). From ths graph, estmate the storage voume that wmt BOD 
reeases from the B storm to 50 474 b). Rerun the storage/treatment programto verify ths 
estmate, and repeat as necessary (more heavy dots on Figure 4-4). Resutof the two addtona 
tras 40 storae capacty mts reeases to 479 b BOD(50.9%, dose enough).Execute the 

storage/treatment program twce more. wth the same 40 Mga storage capacity, forthe nput quantty 
and quaty from Transport correspondng to the and S2 desgn Compute the BOD reeases for 

these two storms n 

the 
same manner as n Step 8* The resutsare compared with the desgn storm resuts n Tabe 48.79 





Comments. 

The ow computed n Tabe 4-8 (a about 12 of tota precpitaton) resut fromthe Runoff Bock havng been cabrated on storms occurrng durng an unusuaydry wnter (Exampe Probem 4-7).2. 
Although the tta precptaton of 

desgn B (3.30 in.) s reater than that ofS (3.8 n ts 1s ess (0.39 n. versus 0.40 In Ths 
s due to thedfferences n ranfa tme dstrbuton; wth the excepton of the bref peak, 
B sfar more unform (Fgure 4-8)3. Whe a 40 Mga1 storage basn woud take 5.5 days pump 
ut and process fter thestorm 

through the 7.3 treatment pant, ths s deemed acceptabe snce the desgnstorm antude was 
seected t occur ony once a year.4. The far hgher peak of desgn storm B (Fgure 4-8) has 

a sgnfcant effect on waterquaty. Hgh ranfa Intenstes 
cause 

hgh eroson and scour, resutng n hhsuspended sods concentratons.5. The Storage/Treatment 
Bock computes sedmentaton wthn storage ony from that whch overfows. Therefore, 

the effectveness of the storage 

unt as asettng basn cannot be compared wth ts total capturng capabty.6. The stron mpact 
of the chosen desgn storm on the requred storage capact, or theBOD remova, s 

evident from Tabe 4-8. th constant storage capacty, theBODremova Increases 
as the storm precptation decreases.EXMPLE PROBLEM 4-9. TEST THE STORAGE BASIN SIZED BY ITH A LONG HISTORICAL & EDDY CONTINUOUS SIMULATION ETHOD. SIMPLIFIED OEL 

[9)Determne the annua number of overfows, and the 
poutant 

oads dscharged, whch occur withthe storage basn as szed n Exampe Probem 4-8, over a 
defned hstorca record.Specfed Conditns. perid: 951-976 (25 years; same 

as 
Exaple Probem 4-6).2. Rainfa amounts: Daly ranfa ncrements at San ose Cty Ha, Increased by 

40%(drect extrapoaton by nes).3. Dranage basn is served by separate sewers ony.. 
Average 

annua runoff 
quantty 

and quaty characterstic are the same as those forExampe Probem 

4-5, Specfied Condton 3a, wth the excepton of the Theseare reduced to 4.4 of the vaues 
used n Exampe Probem 4-5, to reduce the 

overarunoff coeffcient (previousy 0.29) to that 
obtaned 

wth 1 Example Probem 4-8 (0.),Assumptns Same assumptons are made as Assumptons 
through 3 of Exampe Probem 4-6.2. Treatment capacty of one dry-weather fow, or 7.3 Mgal/d, 

is avaabe (as in ExampleProbems 4-3, -6, 4-8).3. Treatment removes 85 of each poutant; 
resutng treated effuent concentratonsare as per Exampe Problem 4-6, Assumpton 6.4. Storage 

basin 
capacity 
s 40 Mga (as szed n Exampe Probem 4-8).5. Sedmentaton n storage removes 

30% of the 8DD from overfows (compare wth ExampeProblem 4-8, Assumption 5: 38.5% BOD remova, 
maxmum). hty-fve 

percent 
of the BODIn captured by storage s removed by subsequent treatment.8 



Souton1.Prepare 
nput for the Smpfed computer program, from the data prescrbed by theSpecfed Condtons and Assumpton 3, pus the foowng treatent and storaecapactes (Assumptons 2 

and 4):Treatment(wthdrawa 
rate),Storagecapacty, 

0.07.30402.3.Execute the 
program twce, 

once for 

each 

storage/treatment combnaton. IBM 370/68computer requrements (execute only) per run 
were; 0.05 CPU tme. $1.70 tota cost.Resuts for the run are summarzed In Tabe 4-9. 

The 
uncontroedreease run (zero storage, zero treatment) yeded the folowng resuts;Average 

annua overfow: 566.2 Average annual BOD reease: 69 280 1bAverage annua 
overfow 

days 54.5TABLE -9. RESULT FOR 
25 YARS PERFORMANCEITH 40 STORAGE 

AND 7.3 Mga/d TREATMENT 

CAPACITYIE1514l\\190;ll11TOTALRAIN7.4.4714.11b.1.6 
6714.1J.B17 

67J114.4. 7.71Id 4U9.7 9it 17 49 



5. Compute corrected 25 year BOD remova 
effcencyUncontroled 

BOD release 69 280 (Step 3)Controed BOD 
reease 58 b/yr (Step 4)BD remova ° 52 762 

b/yr76.2%Comments Gven the 

stated 

assumptons, 
the 40 storae basn combned wth treatmentcapacty, reduces the nuber of overfows 

by 88% (6.4 versus 54.4 days), and removes76% of the BOD oad, over the ong term. 
This atter figure compares wth a 49 BODremova fr the year desn storm event Eape Probem 48, Tabe and s90 of the defned optma treatment effcency (85).There are two 

primary observations that may be made from the foregoing 

seriesof exampes:1. The range of appications for which such modes may be used 
is 

verybroad.2. 

The capabities of the modes in their orgina forms to be abe toserve 
the 

requred purposes are notaby imted in most cases.The tremendous range 
of 

possibe mode appcations has ony been hinted at bythese exampe 

problems;Whie the modes are of great hep, they usuay ony partiay fulfi thetask 
requirements Often, 

addtions or modfications must be patched in;these are easier to effect in 
the more flexbe desktop modes, but they arepresenty ess compete and tested. 

Mode resuts usuay must be interpretedand often adapted. A these considerations, 
together with the morefundamenta question of mode appicabiity, serve 

to 
underscore the need forappropriatey quaified and experienced 

professionals to oversee usage.Further, more specific observations that may be 
made 

about the precedingExampe Probes are:• The desktop procedure of 
Exampe 

Probem 4-2 requires muchtedious hand coputation, and for the amount 
of effort invovedoffers 

ow accuracy by comparison with a detai event mode such as• 
Whie 

a detaied event mode provdes exceent detai (ExampeProbem 4-8), 
it requires a sgnficant investment in prorcaibration (Exampe 

Probem 

4-7).• 
The smpfied, continuous simuation modes offer reativey 

hghbenefits for ow costs and effort (Example Probems 4-5 and 
4-6).They make possibe good 

inexpensive 

assessments of the ong-termmpacts of designs (Exampe Probem 4-9),83 



The economc procedures (Exampe Probem 4-3) are untested 
nappications. They need fair testing period, with furthershakedown 

and evoution. They appear to be partcuary sensitiveto unit 
costs, which should be investigated further.• The 

seection 

of design stors (Eample Probem 4- can be a trckybusiness, with 
significant consequences Some standardization ofprocedures for the 

various prevaiing conditons woud be desrabe.84 



SECTION 

5STORMWATER CHARACTERISTICS - DATA BASE AND NORMALIZATIONIn 

order to address a or combined sewer overfow probem, aninvestgator must 
have knowledge of the characteristcs of the probem. Thissection presents an 

overview of four areas that are integra to the soutionof urban runoff probems.. 
Sources of Stormwater 

Poutants. Stormwater poutants arematerials washed from the ar 
and the and surface during ranfaor events. It is reasonabe to assume 

that some andsurface actvtes, uses, and characteristcs wi 
cause greaterpoutant oading than others. Known causa reations 

wi beexamned and quantifed if possibe. An understanding of 
sourcesaows sme estimation of oadings, pinpoints areas that require 

in-depth survey, and provides the basis for deveoping contro 
alternatves.2. 

Discharge Characteristics. Data gathered from severa 
studies ofstormwater 

runoff 

and combined sewer overfow are presented as agude to what can 
be 

expected at the "end of the ppe." Theinformation gives the 
investigator a startng pont with whch tocompare stormwater 

poutants 
to other sources within a basn andevauate site specific data 

for its appicability.3. Resduas. Soids derived from stormwater 
treatment must be con¬sidered in deveoping a compete 

pouton abatement program. It isnecessary to evauate the antcipated 
quantites and charactersticsin order to provde for the fna disposa 
of the treatment sudges.4. Recevng Water Impacts. The goa of any 

stormwater study Is themitigation or preventon of adverse impacts on 

the receivng water.Summaries of studes of stormwater poution impacts 
wi bepresented. The data ndicate the potentia adverse effects and 

someapproaches to the evauaton of Impact.SOURCS OF STORMWATER 
POLLUTATSAn understanding of the potentia sources of poutants 

is 
ofprmary importance when studying the 

mpact of urban runoff. Th 

accumuatonof 
the varous poutants withn a basin can be attributed to severa 

sourcesand the indvidua effects are difficut to separate. However, a quaitativeknowedge 
of the probabe sources enabes an investgator to concentrate onexpected 

probem areas and evauate source contros that coud be used to85 



curta an adverse poutant oadng before It reaches the sewer system. Theprncipa 
sources of poutants are as foows [. Street pavement. 

The 

components of road surface degradaton canbecome part of the urban 
runoff oading. The aggregate materia isthe argest contrbutor and 

addtona quantities wi come from thebnder, fiers, and any substance 
appied to the surface. Theamount of poutants depend on the 

age and type of surface, thecimate, and the quantity and type of 
traffic.2. Motor vehices. Vehices can contribute a 

wde varety of materiasto the street surface runoff. Fues and ubricants 
spi or eak,partices are worn from tres or brake inings exhaust 

emissonscoect on the road surface, and corroson products or broken 
partsfa from vehices. Whie the quantty of materia deposted bymotor 
vehices is expected to be reativey sma, the poutionpotenta is 

important. Vehices are the principa sourceof asbestos and some 
heavy metas incuding ead.3. Atmospheric faout. Air poutants incude 

dust, contaminants andpartices from industria 

stacks 
and vents fro automobes andpanes, and from exposed and. The 

arborne 
matter w sette onthe and surface and as contaminated runoff. 

The potntiasgnficance of was indicated during a study done 
inCincnnati [2 During the study period 567 kg/ha (506 b/acre) of were 

measured at a monitoring station and 88 kg/ha(730 b/acre) of 
suspended sods were measured n storm runoff4. Vegetation. Leaves 

grass cippngs, and other pant materasthat fa or are deposited 
on urban and wn become part of therunoff probem. Quantities 

win 

depend on the geographic ocation,season, andscaping practices, 
and dsposa methods.5. Land surface. The type of ground cover found 

in dranage basinand the amount of vehicuar and pedestrian 
traffc s function ofand use and wn affect the quaity 

of storm runoff.6. Litter. Litter consists of various kinds of 
dscarded 

refuse items,packagng materia and anma droppings. Athough the 
quantitiesare sma and not signifcant sources of 

poution, 
the debris ishighy visibe n a receiving stream and can be a foca 

pont forcten compaints.7. Spis. These obvous surface contamnants 
can incude amost anysubstance haued over city streets. Dirt, 

sand, 
and grave are themost common exampes. Industria and chemca spis 

arepotentiay the 

most serious.8. Anti-skid compounds and chemicas. Cod weather cties 
empoy argeamounts of substances designed to met ice during the 

wnter.Sats, sand, and ash are the commony used agents. 
variety ofother chemicas may be 

used as fertiiers pesticdes and86 



herbicides. Most of these materias wi become part of the urban9. 

Construction 

sites. Soi erosion from and disturbed byconstruction 

is a highy visibe source of soids in storm runoff.Important urban 
sites wi ncude arge scae projects such ashighway construction 

and urban renewa. The construction methodsand contro measures wi 
infuence quantities.0. Coection network. Storm 

sewer networks using natural or mprovedearthen channes will be subject 
to eroson of the banks.Colection networks aso tend to 

accumuate deposits of materiathat i be disodged and transported 
by 

storm fows.It is obvious from this list that there 

are 
many potentia sources ofpoutants within each basin and the sources 

vary n importance. Thequantities that accumuate are function of 
natura conditons and urbandeveopment. Most of the sources exist concurrenty 

in the urban envronmentand, athugh effect's cannot be isolated, some reative 
quantities arediscussed in the foowng sections.Street PavementSevera studies 

of pavement wear in Germany 3] 
have 

indicated 
that 

at east0.05 cm (0.02 in.) of surface wi be worn from a tire ane durng a 
summer,Assuming four tire anes each (3 ft) wide in a 7.5 (24 ft) road, 

thiswear 
woud amount to 0.66 (0.3 of road per summer. The wear inthe wnter can 

be consideraby greater if studded snow tires are used by aarge portion of 
the cars. The effect is shown in Tabe 0 for northern andsouthern Germany; 

the southern ocations are in the Alps region where 30 to40% of the cars use 
studded tires.TABLE 0. ABRASION OF ASPHALT-CONCRETE HIGHWAYSURFACES IN WINTER 

AND SUMMERAbrason, n.ehcesSte 

per 
24 ours Summer nterNorthern Germany 7 500 

0.0-0.03 02-0.044 500 

0.004-0.0 

0.02Southern 
Germany 000 0.02-0.03 0.06-0.079 

000 0.02-0.04 0.07-0 0 000 0.02 0.23-0,26In 
2.54 cm87 



Motor VehcesA 

detaied study of street surface poutants in ashington, found thatmost of the 
contaminants were traffic reated Ths does not mean thatthe poutants 

necessariyorginate with the vehice itsef but rather thatthe expected oading 
intensity can be expressed in the form: B (5-where oading 

intensty, 
kg/mi 

(b/m1amount 
of poutant unreated to traffic, 

traffc reated deposition rate, kg/axekn traffic in 
axes.The vaues of m. deposition rate, for traffic reated 

contaminants are 

shownin Tabe . Depositions of feca fecastreptococci cadmum, and itter were 
not considered to be trafficreated. The vaues of B for both asbestos 

and ead were negative,ndicatng that these mportant poutants are entirey 
traffc reated.TABLE . EPOSITION RATES OF TRAFFIC-RELATEDROADWAY 

MATERIAL ParaeterUntsDepostonrateDry weghtVoumeVoate sodsBODCODGreaseTota 

phosphate - Ntrate - Ntrite - N - 



Athough ony a sma fracton of the traffic reated deposits come directyfrom 
vehices, it is an important fraction. Grease, petroeum, ead, zinc,copper, 

nicke, chromium, and asbestos are a potentiay toxic to aquaticife and a orignate 
directy from vehices. The remaining traffc reated nutrients, and soids 

are products of road surface abrasion or havebeen carried to the roadway by 
vehicuar action.The vaues for poutant depostion 

shown 
in Tabe were developed bysweeping and washing sections of street 

at 24 hour intervas. Additionasampes, taken to compute accumulation of 
materia for a 3 day interva,showed that accumuation s not a inear function 

of the deposition rate. TheWashngton, work showed that roadway accumuation 

eves off in about 4days due to traffic reated remova mechanisms. Athough dust 
and dirt arebown onto adjacent and surfaces by vehice movement and other 

means, ateast a portion of the dispaced materia is sti avaiabe for 
transport 

bystorm A cacuaton of tire wear n a German study [3] indicates that the 

weightoss per 

tire is 2% or 0.9 kg (2 b) over a of 30 000 km(20 000 mi). Therefore, the 
potential deposition rate for four tire vehicess 0.2 kg/km (0.4 

1b/i per 000 vehices. The tire rubber consists of 87%carbon, 6% hydrogen, 
2% 

and 2% znc oxide.VegetationWaste vegetatve matter is an mportant source of 

organic and nutrientpoutants in urban The 
quantity 

of 
eaves, 

grasses, seeds, andcippings wi depend upon the particuar urban area 
and pubic workspractces. Vegetative waste wi becme part of the urban runoff 

whenmatera fas or is dumped onto impervious areas and when poutants 

areeached from decaying organic matter.Typical concentrations of 
nutrients in vegetative tter are shown in Table 12TABLE 2. NUTRIENTS IN 

VEGETATIVE LITTER [5]Percentage, dry 
weight 

Phosphorus Potassum AshEvergreen eaves 0.58-.25 0.04-0.0 0.2-0.39 
3.0-.33Decduous 

aves 0.5- 0.09-0.25 0.40-. 7-5.6Studies 
of quantites of 

waste 

vegetatve matter have generay 

been performedby scentists nterested in forest ecosystems. 
Consequently, quanttativeestimates dea with fu canopy 

stuations. Estimates for urban areas shoudbe modified to account for ower tree 
densities; quantitative estmates arepresented in Tabe 89 



TABLE 3. VEGETATIVE LITTER PRODUCTION 

6]b/acre*yrSource 

Yied of waste 
matterEvergreens 

3300Decduous 
2854Rye 3675-562a. 

Fu canopy. Forda. 

.2 Land 
SurfaceGenera 

and use categories are an 

important 

basis 

for studying pouton because of the reation between and use and many specific 
sources.For exampe, there is usuay ess in a residentia-commerca areathan 

in an ndustra zone and there s heavier motor vehce traffic n acommercia-ndustra 
area than in resdentia neighborhoods. In ths sense,evauaton of poutants 

versus surface use w incude two hard to quantfysources and spis.Three 
major 

research studies have documented the effects of and use on theaccumuation 
of poutants In urban areas 

[4, 7, 83. Whie the reports arenot drecty comparabe wth each other because 

of dfferent coecton andanayzng techniques, they show the reative infunce 
of and use. A summaryof the studes is shown in Tabe 4.The specifc poutants 
found n urban wi be affected aso by thedifferent categories of and use. The 

dfferences are shown in Tabe 5.The 

data 

In 4 and 5 were obtaned by sweepng, vacuuming, or washngpolutants from 
street surfaces in urban areas with the specifc and usenoted. The areas 

samped were sma enough to be a vaid indcaton of thedfferences n poutant 
accumulation for genera and uses. However, the drystreet surface sampes do not 

necessary represent the portion that wi washoff during runoff event and 
do not incude poutant oadings from areasother than streets.Ant-Skid Compounds 

and ChemicasIt is dfficut to quantfy chemcals that are a source of 
stormwaterpolutants 

because of great variations In appicaton rates. A few ranges 
canbe presented as an 

ndication of the potentia 
magnitude 

of the probem.Sat appcation for can be a serious source of chorides 
in runoff;ranges of appication rates are shown in Tabe 6.90 



TABLE 4. DUST AND DIRT ACCUMULATION RATESFOR 
DIFFERENT LAND 

USESSnge 

Mut-famy 
famy Comerc Indusra at Chcago 

[7]ean, 

37 2 2edan, 

8 90 43 Number of sapes 60 93 26 

46Adjusted ata atsevera cites 

[8]Mean, 55 07 46 292Mean 
thout 

extree, 56 20 
38Median, 69 32 

20 
74Number of smples 2} 4 7 at 

Washington, (shoppn 
center ony) [4Mean, • ... 

2Medan, b/curbmi d ... ... 
67Number 

of sampes ... ... 8Overa 

mean, b/curbm•d 45 10 15 24 
0.28 kg/curb Abrasives used 

on street surfaces wn ao 
become part of direct orsnoet 
runoff 

in proporton to the 
amount 

apped. Stockpes of sat orabrasives may 

aso be mportant pont sources of 

poutants.The 
next most mportant source of chemcals is the appication of 

fertiizers,insectcdes, and herbicides. Athough quantties are sma, the enrchmentor 
toxic effects make them mportant to runoff studes. In a 

studyperformed in 97, quantities of pesticdes were measured in road 
dust.Presumaby, 

this materia that wi easiy wash off nto receivng watersduring a 
runoff event; ranges are given n Tabe 7.Construction Sites and Colection 

NetworksThe prncipa mechanism of pollution from these two sources s eroson 
Soierosion is a major source of solids for urban and suburban areas.The probem 

areas are construction sites, undeveloped areas, 

hghway cutsurban renewa areas, and drainage 

ditches themselves. In addtion to specificsources genera erosion wi take 
place frm a areas. Erosion isa function of a number of physical conditions 

and is difficult to predict9 



an eroson quantt for a compete urban area; however, an understandng ofthe 
mechanism of eroson Is important when consderng potenta managementtechnques.TABLE 

5. 

CONCENTRATIONS OF POLLUTANTS BYLAND USE 
CHARACTERISTICS [6] of Dry Soids 

Uness Otherwse NotedLand useSnge famly 

Poutant 

rsdenta resdnta Commerca 
IndustraBOD 5 260 3 370 7 90 2 920COD 39 300 42 000 6 

700 25 00Tota ntrogen 460 
550 

420 430Soube P04-P 6 20 
8Cadmum 3.3 2.7 2.9 3.6Chromum 
200 80 40 240Copper 73 

95 87Iron 2 300 18 500 
2 600 22 500Manganese 450 

340 380 430cke 
38 

8 94 44Lead 570 980 2 330 

590Strontum 32 9 7 3Znc 

30 280 690 280Feca 
conforms, 82 500 388 000 36 
900 30 700Tota coforms, 

89 000 900 000 
000 000 49 000TABLE 

6. SALT APPLICATION FOR [9] 
rate perArea 

Northeastern states 670- 820Northcntra 

states 

0- 840Southern states 0- 60est-centra 

states 
0-550Southwestern 

states 
300-400estern 

states 0- 320b/m 0.28 

92 



TABLE 7. PESTICIDE LOADS FOUND IN SEVERAL CITIES 

[]Pestcde 

Range 

Medan vaue 3-27 24 65-3 400 

00BP-DDD 
0.5-20 

67 0-8500 P-DDT 
-70 6 0-2 

.....Methyl 0-20 ..... 0-7 
...Tota pestcdes 
36- 90 420 0.8 

kg/curb-kmThe Unversa Soi 
Loss Equation is 
an empirica formua derived by 

theAgricutra Research Servce to 

estmate 
average annua erosion from farmpots. Since it was statisticay 

deveoped to estimate gross eroson fromsma areas over a period of years, it 
is 

more of a management too than apredictive formua. The equaton s:A K 

LS P (5-2)where A soi oss, mass/unit area ranfa factor so rdibiity 

factor sope ength gradient factor 

ground cover ndex factorP 

erosion contro factorThe factor R 
accounts for rainfa 

energy and intensity, K 
coniders 

theease wth whch the particuar 
so can be eroded, and LS 

is functon ofsope ength 

and gradient. The factors C and P are the keys to thecontro of erosion 
snce they are more easiy modified than the other threefactors. Both were 

empiricay deveoped by assuming that oose, soi with no cover represents 
C and P factors of .0. The use of covermateria or erosion contro practices 
wi reduce the factors and the amountof soi oss. Representative vaues are 

shown in Tabes 8 and 9.Exampes of typica erosion rates are shown in Tabe 
20. The quantitiesindcate a substantial increase in erosion when and is 

deveoped for eitheragriculture or urbanization. The particuary heavy 

rates from constructionactivties point out the need to apply contro 
technology to urban and highwayconstructon sites.93 



TABLE 8. GROUND COVER FACTOR [5]Type 

of cover C vaueNone 

.0Peranent 

seedngFrst 60 

days .46 days to 1 
year 0.05After year 

O.Sod 0.0Hay or 

straw.0 

ton/acre 
0.202.0 

tons/acre 
0.05Stone or rave5 

tons/acre 0.8060 

tons/acre 0.20Chemca 
uch (90 days 

0.502 tons/acre 0.807 tons/acre 

0.20tons/acre 
2240 

kg/haSummaryMany 

sources of polutants 
are 

present 

n a basn and ther effectsnteract and overap. It s dfficut to attrbute the 
poutants measured atthe discharge from a basn to a specific source within the 

drainage area. TheImportance of this section is n understanding why there is 
a probem and whyconstructon site eroson prevention shoud be practced or why 

the dranagefrom a hghway intersection shoud be diverted from a sensitve 
stream.Resuts of studies givng overa poutant concentrations foow.DISCHARGE 

CHARACTERISTICSThe investigation of stormwater discharges is 
concerned 

with two differenttypes 

of pouted fowsseparate stormwater from storm sewers ordrainage channes 
and combined sewer overfows from sewers contaning bothrunoff and sanitary 

sewage. The sources of runoff contamination have beendescribed in the 
precedng secton and it is evdent that surface runoff hasthe potenta to 

transport a sgnificant oad of poutants. In this sectionthe resuts of severa 
monitoring efforts wi be presented to ndicate therange of poutant concentrations 

that can be expected. Some expanation ofthe ndividua studies s given to 
hep the reader judge the appcabity ofthe data to his particuar probem.94 



TABLE 9. EROSION CONTROL FACTOR 
[5]Surface 

condton vaueLoose as 

a dsced pow ayer .0Compact, 
smooth, 

scraped up,and ownhil 
.3 raked up, and 

down¬hl .2Compact, smooth, 



Urban The quaty of 
urban 

runoff has been nvestigated at severa sites across thecountry. The techniques, 
methodoogy, and goas varied from project toproject, but the cobined 

resuts present a good ndication of theconcentrations of poutants 
that can be expected in urban runoff. Theresuts of severa representative 

samping efforts are shown in Tabe 2. Thesampes were taken in various parts 
of the country, from diverse and use,during dfferent seasons, and during 

dissmar rainfa events. The averagepoutant concentratons shown in the tabe 
ndcate an order of magntude ofthe runoff probem and the ranges indicate the 
wide variatons inconcentrations that may be anticipated. The individua studies 

invoved wshow some of the reatonships between runoff quaity and and or 
stormcharacteristics.TABLE 2. POLLUTANT CONCENTRATIONS IN STORMWATER 

RUNOFFctyAtanta 
Georga 

10]De Iowa [ North Carolina [2 Tennessee 13]Oahoa 



The suspended sods and COD concentratons Increase as the percentof 
the basin that 1s deveoped 

Increases.Increased 

ead concentratons appear to be nked with increasedcommerca 
and use; this is probaby due to arge traffc voumesin shopping 

areas.BOD, 
phosphorus, 

and tota nitrogen dd not appear to be reated toland use.TABLE 22. 
POLLUTANT 

CONCENTRATIONS IN ATLANTA, GEORGIA [0]Steontrea Roadean, 
CrcleMean, 



IowaThe Des 
Moines 

study was an evauation of potentia soutions to probems and incuded a 
samping program to anayze the quaity ofcombined sewer overfows, storm runoff, 

and the receiving waters. Thepoutant concentrations found in runoff 
from three areas with separate sewersystems are shown in Tabe 24. The vaues 

indicate that there is very ttedifference in average quaity between the three 
areas. The samping programcovered both winter and summer runoff conditions 
with as we asdirect runoff. A comparison of snowmet runoff versus 

ranfa 
runoff isshown in Tabe 25. The data indicate that phosphorus is the 

ony poutantshowing significant effect due to the of precipitation. 
Theinvestigators 

in Des Moines aso found that poutant concentrations 
generaydecreased with time during storm and cumuative poutant oading usuay"ran 

ahead" of cumuative fow quantties. These patterns were attributed toa first 
fush effect in which oose surface materia is suspended by theinitia runoff 

water, makng it more concentrated than runoff ater in thestorm.TABLE 24. 
POLLUTANT CONCENTRATIONS IN STORMATER RUNOFF,DES MOINES []S-, meanS-3, 

mean0-, 

meanindustraSummaryMeanRangeNo. of 



Durham, North Caro Durham 

study was not to be as site specific as the previous twostudies in that 
variabes affecting quaity were anayzed to deveoppredctive equations. Although 

the data were based on sampes from the Durhamarea, the form of equations and 
reationships between variables and oadingshoud be appicabe to other areas 

with simiar cimate and topography. Manypoutants were anayzed during the study 
and the mean vaues are shown inTabe 26. Regression anaysis was performed 

to reate poutant oading tofour variabes considered to have important 
effects 

on runoff quaity. Thefour variabes were rate of runoff, time from storm 
start, time from aststorm, and time from last peak. The first two varabes 

deain with thestorm event were found to be the most infuentia and itte 
correationincrease resuted from considering eapsed time between storms 

or peaks. Thefina regression equations are shown in Tabe 27; is the runoff 
quantityin cubic feet per second and is the eapsed time from the storm 

start.TABLE 26. POLLUTANT CONCENTRATIONS IN RUNOFF,DURHAM, NORTH CAROLINA 

[2]Mean, 

Range, No ofPoutant sampesCOD 70 20- 02 49 42 
5.5-384 43Tota 440 94-8 620 

325Voatie sods 205 
33- 70 22TSS 223 27-7 340 

408VSS 22 5-970 312 

ntrogen, 0.96 
0.-1.6 33Tota phosphorus, 0.82 
0.2-6 310eca 230 -2 000 327Aumnum 

6-35.7 63Cacum 4.8 
.1-3 80Cobat 0.6 
0.04-0.47 45Chromum 0.23 0.06-0.47 

232Copper 0.5 0.04-0.50 225Iron 
.3-58.7 257Lead 0.46 0.-2.86 336agnesum 10 

3.6-24 27Manganese 
0.67 0.2-3.2 244 0.5 

0.09-0.29 03Znc 0.36 0.09-4.6 
30Akanity 56 24-24 80BOO 

60 2-320 08a. The authors 
fee that BOO resuts 
ere affected bychangng 
dutions n the aboratory 
and recommendthat BOO not 

be consdered an approprate 
measueof poutant 

strength. (See p. 48, 
Reference [2for the 

fu dscusson.)99 



TABLE 27. REGRESSION EQUATIONS RELATING POLLUTANT 
TO CHARACTERISTICS,DURHAM, NORTH CAROLINA 

[2]Concentration, 

PoutantAs 

devepedNormaizdT5SCOD 
ntrogenTota 

phosphorusLead222 

CFS 
CFS TFSS3 

TFSS0.85 CFS TFSS0.80 

CFS 

TFSS0.27 CFS TFSS02 

R° 53 TFSS242 R° 

TFSS363 R° TFSS0.98 
R° 

TFSS0.6 R° TFSSNote: 

CFS runoff, TFSS tme 
from storm start, 

hours 

ft/s 0.028 
3/s 2.5 The quantty 

is necessariy 
dependent on the area 

of the Durham basin, 

417 ha(029 acres), 

and 
so the equations cannot 

be directy compared with resutsfrom 
other sites. 

In the second set of 
equations in Table 

27, the equationshave been normaized by converting cubic feet pr second of 
runoff to inchesper hour of runoff using the actual area of the basin. In most 

cass thepoutant concentrations ncrease with greater quantties of runoff,ndicating increased erosion, pickup, and transport capacities of higherfows. 
The concentrations also tend to decrease as a storm event continues,indicating 

that the reservoir of polutants on the and surface decreases 
orat least becomes more difficult to pick up and transport. purpose of 
the study was to investigate the effects ofurbaniation on an area of Tennessee that overies a formation of solubecarbonate rock. The principa concern 
was that urbanization woud greatyincrease the impervious 

fraction of a basin 

and 
consequenty cause increasedrunoff quantity wth the associated 

poutant oading. During theinvestgation, sampes were taken from four urbanizng 
watersheds, upstreamareas, and precpitation in an effort to determne 

probable mpacts. The dataobtained from the project watersheds are presented in 
Tabe 28. Aninteresting anaysis made in was the comparison of 

atmospheric inputto a basin (dry faout and precpitation) and output theanaysis 
is shown in Tabe 29. Fourth Creek, First Creek, and PantationHis the 

streamfow 
is mosty storm runoff and t is shown that atmosphericsources 

are particuary important.00 



TABLE 8. POLLUTANT CONCENTRATIONS IN RUNOFF. TENNESSEE 
[3]Poutants, FecaSte 

BOD 

COD nitrogen 
3- 

P04P OP04-P 
Lead ercury Fourth Creek,ean 200 2 0 2.4 0,7 .1 0.20 034 0.0026 

... 
Thrd Creek, 

240 9. 95 5 0.6 0 49 0,26 0.3 0 0004 -Frst Cree, 
50 

63 32 0,65 
0.6 0.56 0.46 0.3 0-0006 ...Pantationmls, mean 

46 2 29 .0 
0.4 0.36 0.32 008 0.004 20300Tota40 74 .9 0.6 0 

63 
0 30 0 7 
0 007 20 ean 3-6400 0-86 1-700 0.04-3 00-2 003-69 

00-6 
0-.6 000005-0047 670-700000No. of smpes 75 18 70 76 
77 183 76 89 76 40Note; Fourth Creek - 0.82 acres, 46 mpervous, commercalThrd Creek 60 acres, 28 impervous ndustria-resdentaFrst 

Creek - 0.5 acre impervous, residenta.Plantaton Hs - 0 24 acre, 23 Impervous, suburban.a acre 0 405 haTABLE 29. COMPARISON OF WATERSHED LOADINGS, ATMOSPHERICINPUT VRSUS 
RUNOFF OUTPUT, TENNESSEE [3]Annua loadin, KJedah _p 

TSS COD ntroen 

4 Fourth 

CreekAtmospheric 
nput 60 400 24 3.8 4. .6Runoff output 4 600 

400 8 2.8 4.4 0.8Thrd CreekAtmospherc Input 250 670 9 

8.0 3.2 0.5 output 980 

50 8 5.0 3.8 0.9Frst CreekAtmospherc nput 20 430 8 3.5 .3 
0.5Runoff 

output 

80 30 .2 0.2Pantaton sAtmospherc nput 
60 340 3.2 0.8 0.8Runoff output 20 

30 04 0.4 

0 04b/acre x 2 kg/ha Tusa study was an investigation of storm poution 
as 

it reatesto 
and activity and precipitation. Samping 
points were set up for 15 test0 



areas in Tusa and regression anaysis was used to reate poutant oadng tosurface 
characteristics such as area, sope, popuation density, and and useor to 

precipitation variabes such as intensity, tota voume, time from startof strm and 
tie from antecedent event. The poutant concentrations foundin the 5 areas are 

shown in Tabe 30 and the reationship between poutantsand significant variabes 
is summarized graphicaly in Tabe 3. Some of thebasic observations deveoped 

ths stud incude:• The principa sources of poutants 

are from impervious areaand erosion of drainage channes.• Bacteria 
pouton can be reated to the genera 

sanitary conditionof the sites,• Poutant concentrations decreased with 
time from 

the 
start of thestorm and time from the antecedent event. Sods and 

bacteriaincreased with intensity of the storm.• For residentia 
areas, poution increases with popuation 

densityand degree of deveopment.TABLE 30. POLLUTANT CONCENTRATIONS 
IN TULSA. OKLAHOMA [4]Se 

No. and and use.2.3.4.5.6.7..9.0..12.3.4.5.TotaNo.Lht 



TABLE 3. PRECIPITATION AND LAND USE FACTORS 
AFFECTINGPOLLUTANT 

CONCENTRATIONS IN 


